Introduction
The Peruvian Amazon has many valuable timber-tree species, but there has been little research on genetic variation in these species. Farmers and industry commonly use juvenile wood, and they will probably use it even more in the future with the promotion of agroforestry and small-scale plantation forestry. Tree breeders, therefore, should initiate research on genetic variation in properties of juvenile wood to see whether it is possible to improve them through breeding work and to measure the impact of selection for juvenile wood traits on other traits (ZOBEL and SPRAGUE, 1998) .
Calycophyllum spruceanum (Benth.) Hook. f. ex K. Shum. (Rubiaceae family) is a pioneer species that colonizes the floodplain and disturbed forests in the Amazon Basin (LINARES et al., 1992) . The breeding system has not been studied, but is assumed to be primarily outcrossing like the majority of tropical trees (BAWA et al., 1990) . Trees have hermaphroditic flowers, and mature in 2 to 3 years in open-grown conditions. There is probably extensive gene flow, producing high levels of genetic variation within populations and relatively low genetic
Genetic Variation and Correlations between Growth and Wood Density of
Calycophyllum spruceanum at an Early Age in the Peruvian Amazon differentiation among populations (RUSSELL et al., 1999) .
Farmers rank C. spruceanum as a priority for lumber, poles, firewood and charcoal in agroforestry systems in the Peruvian Amazon (SOTELO MONTES and WEBER, 1997) . Adult trees (age unknown) in natural stands can attain heights of 35 m with stem diameters of 1.8 m at breast height (SEARS, 2003) . The wood is diffuse-porous, with a basic density of 740 kg/m 3 for mature wood (age unknown) in natural stands (measured at 1.3 m above ground; KEENAN and TEJADA, 1984) and 563 kg/m 3 at 32 months of age in plantations (measured from 35 to 65 cm above ground, WEBER and SOTELO MONTES, 2005) . It is generally assumed that mature wood is formed after 15-20 years in natural stands, but this has not been confirmed by studies. Stems can be harvested for construction poles after 2 to 3 years, or sawn timber after 15 to 20 years, and then coppiced for successive harvests. The wood has demand in national and international markets for furniture, wall paneling and parquet (TOLEDO and RINCÓN, 1996) .
Tree growth and wood density are known to be influenced by both genetic and environmental factors (ZOBEL and JETT, 1995; ZOBEL and SPRAGUE, 1998) . The first provenance test of C. spruceanum established in Peru demonstrated that plantation yield could be increased by selecting fast-growing provenances (SOTELO MONTES et al., 2003; WEBER and SOTELO MONTES, 2005) . However, phenotypic correlations between growth and wood density differed in sign among planting zones, suggesting that selection of fast-growing provenances may produce wood with lower density in some zones and higher density in other zones.
Heritability estimates are needed to assess the potential genetic gain that can be realized by selection, and estimates of genetic correlations are necessary to assess if selection based on growth significantly affects wood density. Since heritabilities and genetic correlations depend on the specific test environment and population of trees (FALCONER and MACKAY, 1996) , they should be evaluated in contrasting environments and in different populations. In general, wood density has a higher heritability than growth traits, and the genetic correlation between growth and density is low for diffuse-porous hardwoods (ZOBEL and JETT, 1995) . This paper presents results from a provenance/progeny test of C. spruceanum in the Peruvian Amazon Basin. The objectives of this paper were to (a) determine the relative magnitude of variation in tree growth and wood basic density at an early age that is due to provenances and families, (b) evaluate phenotypic and genetic correlations between these traits, and the heritability of these traits in different planting zones. Tree growth was measured at 16, 28 and 39 months, while wood density was measured at 39 months. The major results are compared with other tropical hardwoods, and some practical implications are discussed.
Materials and Methods

Sample region and study area
The sample region is located in the Aguaytía watershed of the Peruvian Amazon (Figure 1 ). Large natural stands of C. spruceanum occur along the rivers in the lower, middle and upper parts of the watershed, and on upland soils in the upper part of the watershed; whereas smaller stands occur on upland soils in the lower and middle parts of the watershed. Trees are also scattered throughout most of the watershed, so it is assumed that the stands are not genetically isolated and are subpopulations of the same genetic population. Moreover, it is assumed that some inbreeding has occurred and continues to occur in these subpopulations. Open-pollinated seeds were collected in SeptemberOctober 1998 from 200 mother trees of C. spruceanum growing in seven natural stands located in the lower, middle and upper parts of the Aguaytía watershed (Figure 1) . The stands are referred to hereafter as provenances, using this term in the broad sense as the source of seed (MORGENSTERN, 1996) . Farmers selected the trees that had good bole form and no external diseases. To reduce the chance of sampling siblings, at least 100 m was maintained between any two selected trees. Selection intensity was only about 20 %, so there is probably little difference between the selected trees and the entire population in each provenance. The number of selected trees (13, 20, 47, 47, 10, 47 and 16 for provenance codes 1 to 7, respectively) was roughly proportional to the total number in each provenance.
The provenance/progeny test was established in the lower, middle and upper parts of the Aguaytía watershed (hereafter called planting zones), but restricted to upland, non-alluvial soils (Figure 1) . In this region, June through September is a dry season, which is most severe in the lower zone and least severe in the upper zone. General information about rainfall and soils of the study area is given in Table 1 .
Experimental design and management of the provenance/ progeny test
Seedlings of the 200 families were grown in a nursery for 15 months and then transplanted into the experimental sites in February 2000. The experimental design was a randomized complete block (RCB): five replications were established on different farms in each of the lower, middle and upper zones of the watershed. In each replication, the 200 families were randomly assigned to 200 experimental plots. Experimental plots consisted of two trees of the same family. Spacing was 2.5 by 2.5 meters within and between rows. Two rows of border trees surrounded the experimental design on each site. Dead trees were replaced during the first dry season, but data collected on replants were not included in the analyses.
Management practices included establishment of a cover crop, application of fertilizer, branch pruning, manual weeding and a selective thinning. Centrosema macrocarpum Benth., a leguminous herb, was sown between rows and 5 m around the perimeter of each replication to control soil erosion, moderate soil surface temperature, improve soil fertility, reduce weed invasion, and provide farmers with a cash crop (seed for pastures). Organic compost (1 kg) and rock phosphate (200 g) were placed in each planting hole, and inorganic nitrogen, phosphorous and potassium (70 g N, 185 g P, and 100 g K) were applied around each tree 22 and 34 months after planting. Branches were pruned from the lower half of the stem 18 months after planting. One tree in each experimental plot was thinned 39 months after planting. This was a selective thinning mainly based on tree form (primarily stem bifurcations in the canopy) and growth. Farmers weeded their replications approximately every 4 weeks during the rainy season, and every 6-8 weeks during the dry season. They could do this in 2-3 days when they had available time and labor, but it took much longer during periods of peak demand on their time and labor pool. As a result, weeding was not systematically done.
The provenance/progeny test had both research and development objectives (WEBER et al., 2001) , and this required some compromises in the experimental design. Farmers wanted to evaluate all 200 families in their replications, in order to select the best families and transform their replications into seed orchards. The RCB design was selected in response to this development objective. An incomplete block design with fewer families per replication would have been more efficient experimentally (STEEL et al., 1997) , but it would not have satisfied the farmers' objective. The relatively large replication size (around 0.3 ha) combined with farmers' weeding practices (SOTELO MONTES et al., 2003) could have affected the differences among families within replications as well as the stability of families across replications. 
Traits measured in the provenance/progeny test
Tree height and stem diameter (10 cm above ground) were measured on both trees in each experimental plot in all 15 replications at 16, 28 and 39 months. Height was measured to the nearest cm using a meter stick or telescopic measuring pole. Diameter was measured to the nearest 0.1 cm using callipers or diameter tape.
Stem diameter at breast height (Dbh) and basic density of the wood (1.3 m above ground) were measured on the thinned trees in nine replications (three in each planting zone) at 39 months. The other six replications (two in each planting zone) were excluded because mean diameter of the trees was too small to provide enough samples for analysis of wood density. Moreover, wood density was not analyzed for all trees in the nine replications due to the small Dbh of many trees, especially in the lower zone, as well as tree mortality. Dbh was measured to the nearest 0.1 cm. For wood density, one disk (10 cm thick) was taken from each tree, and stored at 4°C for 4 months. A 2-cm thick disk was then cut from the larger disk, the bark was removed, and the disk was soaked in distilled water for 48 hours. Disks with large knots or any damage were excluded. Then basic density (oven-dry mass to green volume, kg/m 3 ) was determined using the water-displacement method (ASTM, 1997).
Although the thinned trees were not randomly selected from the two trees in each experimental plot, it is unlikely that this would affect the general conclusions about the relative magnitude of variation in wood density due to provenances and families within provenances, and the correlations between growth and wood density. There are four reasons to support this assumption. (1) Wood density was not used as a selection criterion in the thinning. (2) Means for height and diameter at 10 cm above ground (6.95 m and 9.24 cm, respectively) of the thinned trees were essentially the same as the means for all trees in the nine replications (6.83 m and 9.16 cm, respectively). Therefore, we would expect that the mean density of the thinned trees would be similar to that of all trees in the nine replications. The coefficients of variation were slightly lower for the thinned trees (36 % versus 42 %). (3) Analysis of variance of height and diameter of the thinned trees (using the model for analysis across zones presented in the next section) produced essentially the same results as the analysis of variance of all trees in the nine replications, and all trees in the test. This indicates that the thinned trees were a representative sample, in terms of height and diameter, of all trees in the test. (4) The frequency of trees with forks in the canopy was slightly higher among the thinned trees, compared with all trees in the nine replications (24 % versus 19 %). However, it is unlikely that this slight increase in the incidence of forks would produce any significant bias in wood density, in particular because wood was sampled from the stem below the canopy.
Statistical analyses
The SAS ® statistical package, version 8 (SAS INSTI-TUTE INC., 1999), was used for all statistical analyses. Departure from the normal distribution and homogeneity of variance were tested for the residuals using statistics provided by the UNIVARIATE procedure. Data transformations were not considered necessary to satisfy the assumptions of analysis of variance and other analyses.
Analyses of variance were carried out using the GLM procedure with the Type III (partial sums of squares) estimation method to assess the relative magnitude of each source of variation. Analyses were performed across zones, and separately within each planting zone. The objective of the within-zone analyses was to determine if the relative magnitude of variation due to genetic factors was similar in planting zones with different environmental conditions. Variation in height and diameter (10 cm above ground) was assessed at each age (16, 28 and 39 months), while variation in Dbh and basic density was assessed at 39 months only. Variance of height and diameter across zones was analyzed according to a mixed linear model with the following sources of variation: zone, replication within zone [Rep (Zone) Variance of Dbh and basic density across zones was analyzed with a similar model, but the interaction between family and replication did not appear in the model because only one tree per plot was assessed. Models for the analyses within zones were similar to those used across zones, except that there was no source of variation due to zone and, therefore, no interactions with zones. Zone was fixed and all other factors were random. Some F-ratios involved more than one mean square in the denominator ("quasi" F-ratios), and were tested with approximate degrees of freedom.
Individual tree heritability (h i
2 ) was estimated only for traits for which variation among families was found to be significant at ␣ ≤ 0.05 in the appropriate analyses of variance. The additive genetic variance was estimated as 3 2 f because, despite the sampling strategy used, we expected partial inbreeding in the populations. The terms in the denominator of h i 2 depended on the model for the analysis of variance: Fam(Prov), Fam(Prov)* Zone, Fam(Prov)*Rep(Zone) and residual variation for tree height and diameter (10 cm above ground) across zones; Fam(Prov), Fam(Prov)*Rep and residual variation for tree height and diameter within zones; Fam(Prov), Fam(Prov)*Zone and residual variation for Dbh and basic density across zones; Fam(Prov) and residual variation for Dbh and basic density within zones. Standard errors for h i 2 were calculated using the formula provided by BECKER (1984) .
Phenotypic and genetic correlations were calculated between growth traits and wood density across zones and within each zone. Correlations were assessed within zones to determine whether they were stable in different environmental conditions. Phenotypic correlations, i.e. Pearson correlation coefficients, were based on values for individual trees and were estimated using the CORR procedure. Genetic correlations were estimated only among traits for which variation among families was found to be significant at ␣ ≤ 0.05. In order to eliminate the effect of different measurement scales when estimating genetic correlations, trait values were standardized Sotelo Montes et. al.·Silvae Genetica (2006) 55-4/5, 217-228 Table 2 . -Descriptive statistics of tree height and stem diameter (10 cm above ground) at 16, 28 and 39 months; and stem diameter at breast height (Dbh) and wood basic density at 39 months for Calycophyllum spruceanum. Statistics are given for all trees across zones, and separately for trees in the lower, middle and upper zones of the watershed. a,b a CV = coefficient of variation. FALCONER and MACKAY (1996) .
Results
Judging from the coefficients of variation (CV), there was considerable variation in growth among all trees in the test, and relatively more variation in Dbh than in basic density of the wood ( Table 2) . Moreover, there was relatively more variation in tree growth in the lower and middle zones than in the upper zone of the watershed.
For example, CVs for tree height at 39 months were approximately 42 %, 36 % and 22 % in the lower, middle and upper zones. CVs were inversely related to mean growth in the zones.
The minimum mean density was observed in the zone of slowest tree growth whereas the highest value was in the zone of intermediate growth (lower and middle zones, respectively). The difference between these zones was 8 % of the overall mean.
Overall tree mortality was 16.7 % at 39 months. It varied by about 6 % among planting zones and provenances, and 40 % among families. It was fairly evenly distributed across plots in each replication, so inter-tree competition was similar among plots. Mortality was not analyzed as a trait, but it must be considered when the best performing families are selected and the replications are transformed into seed orchards.
Variation in tree height and stem diameter (10 cm above ground) at 16, 28 and 39 months
Differences in height and diameter among zones and variation due to replications within zones were significant at all ages in the analysis of variance across zones ( Table 3) . Variation due to provenances and families within provenances was also significant at all ages. Families accounted for slightly more variation than provenances but together accounted for only 7 to 11% of the total phenotypic variance (VAR). Judging from the interactions, the relative differences in mean height and diameter among provenances and families were relatively stable across zones. Similarly, provenance means were relatively stable across replications within zones, but significant variation was created by the interaction between families and replications within zones.
Analyses of variance within zones generally led to the same conclusions as the analyses across zones. There was significant variation in height and diameter due to replications, provenances and families (except at 39 months in the lower zone), and the interaction between replications and families; whereas variation due to the interaction between replications and provenances generally was not significant. VAR due to provenances was very low in all zones, and VAR due to families was highest in the upper zone.
Variation in Dbh and basic density of wood at 39 months
There were significant differences in Dbh, but not in wood density, among planting zones (Table 4) . However, variation due to replications within zones, provenances and families within provenances was significant for both Dbh and density in the analysis across zones. Families accounted for a larger percentage of the total phenotypic variance (VAR) than provenances, and families accounted for a larger percentage in density than in Dbh. Provenance rankings in density were very stable across zones, judging from the non-significant interaction between provenance and zone. However, the variation due to the interaction between provenances and zones was significant for Dbh.
Analyses within zones gave some contrasting results regarding variation due to provenances and families. Table 5 . -Heritability of tree height and stem diameter (10 cm above ground) at 16, 28 and 39 months; and stem diameter at breast height (Dbh) and wood basic density at 39 months for Calycophyllum spruceanum. Heritability is given for all trees across zones, and separately for trees in the lower, middle and upper zones of the watershed. The standard error is given in parentheses, followed by the number of trees involved in the calculation. a a NSF = Family within provenance was not significant (P > 0.05) in analysis of variance, so heritability was not calculated. Table 6 . -Pearson and genetic correlations among tree height, stem diameter at breast height (Dbh) and wood basic density at 39 months for Calycophyllum spruceanum. Correlations are given for all trees across zones, and separately for trees in the lower, middle and upper zones of the watershed. The significance (for Pearson r) or standard error (for genetic correlation) is given in parentheses, followed by the number of trees involved in the calculation. a a NSF = Family within provenance was not significant (P > 0.05) for one or both variables in analysis of variance, so genetic correlation was not calculated.
Variation due to provenances and families within provenances was significant for density in all three zones. Variation due to provenances was also significant for Dbh in all three zones, but variation due to families within provenances was significant only in the upper zone.
Estimates of individual tree heritability (h i 2 ) and correlations between tree growth and basic density of wood
Some trends were observed in the h i 2 of tree height and stem diameter (10 cm above ground) ( Table 5) .
Height generally had higher h i
2 than diameter at all ages. The h i 2 of both height and diameter were usually Sotelo Montes et. al.·Silvae Genetica (2006) 55-4/5, 217-228 highest in the upper zone and lowest in the lower zone. In the analysis across zones, h i 2 of both height and diameter increased slightly from 16 to 28 months and then leveled off. Time trends were not consistent, however, in the three zones.
Wood density had higher h i
2 than Dbh at 39 months. The h i 2 was higher in the middle and upper zones than in the lower zone, but the difference was not statistically significant based on the standards errors.
The phenotypic (Pearson) and genetic correlations indicated that larger trees (i.e., trees with greater height and Dbh) tended to have denser wood ( Table 6 ). The standard errors of genetic correlations were generally less than 33 % of the estimated correlation.
Discussion
Variation in tree growth
Mean growth of Calycophyllum spruceanum at 16 and 39 months was similar to values observed at 18 and 42 months in another test of this species conducted in the same watershed, but with a different set of provenances (SOTELO MONTES et al., 2003; WEBER and SOTELO MONTES, 2005) . Also, its growth was similar to other tropical hardwoods of comparable age in plantations in Latin America [e.g. Alnus acuminata Kunth. in Costa Rica (CORNELIUS et al., 1996) ; Carapa guianensis Aubl. (BAUCH and DÜNISCH, 2000) in Brazil; Sterculia apetala (Jacq.) Karst in Colombia (DVORAK et al., 1998) ].
Results confirm that there is a potential to increase plantation yield by selecting fast-growing families and provenances of C. spruceanum at an early age. Provenances and especially families within provenances accounted for significant variation in tree height and stem diameter (10 cm above ground) at 16, 28 and 39 months, and in diameter at breast height (Dbh) at 39 months in the analysis across planting zones. Moreover, provenance means for height and diameter (but not Dbh), and family means for height, diameter and Dbh were relatively stable across zones. Significant variation in tree growth due to provenances and/or families has also been detected at early ages in several tropical hardwoods tested in Latin America [e.g., Alnus acuminata Kunth. (CORNELIUS et al., 1996) ; Bombacopsis quinata (Jacq.) Dugand (HODGE et al., 2002) ; Gmelina arborea Roxb. (OSORIO, 2004) ; Grevillea robusta Cunn. (SHIMIZU et al., 2002) ; Guazuma crinita Mart. (ROCHON, 2004) ; Vochysia guatemalensis Sm., J.D. in Costa Rica (COR-NELIUS and MESÉN, 1997)].
These results are noteworthy because the provenances/families were sampled from a small region in one watershed; replication size was relatively large, which probably increased the environmental variation within the replications; and farmers' erratic weeding practices produced considerable variation within and among replications. The latter two factors would tend to increase the residual variation and the family by replication interaction, making it more difficult to detect statistically significant variation due to families. The large residual variation is probably the major reason why variation due to families was not significant for diameter (at 10 cm above ground) and Dbh in all planting zones. In addition, estimates for mean Dbh of families and most provenances were based on small sample sizes, especially within zones. This produced large standard errors, which also made it more difficult to detect statistically significant variation due to provenances and families.
Planting zones generally produced larger differences in tree growth, compared with families and provenances. For example, the range in mean height, diameter (10 cm above ground) and Dbh, respectively, at 39 months was 5.35 m, 6.53 cm and 4.37 cm among planting zones; 4.09 m, 5.23 cm and 6.30 cm among families; and only 0.70 m, 1.08 cm and 0.69 cm among provenances. Therefore, the greatest gains in plantation yield can be realized first by selecting the best planting zone, and then selecting the fastest growing and best adapted families for that zone. Although provenances did not account for much variation, additional gain could be achieved by selecting the best provenances.
The coefficients of variation indicated that there was relatively more variation in growth among trees in the planting zones with lower rainfall and less fertile soils (lower and middle zones) than in the zone with the highest rainfall and most fertile soils (upper zone). This could reflect two interacting factors (WEBER and SOTELO MONTES, 2005) . First, farmers' erratic weeding practices undoubtedly produced considerable spatial and temporal variation in soil moisture, temperature and fertility within the replications. One would expect this microenvironmental variation to produce greater differences in growth among neighboring trees in a zone of low rainfall and infertile soils than in a zone of high rainfall and fertile soils. Second, if there is phenotypic variation in drought-tolerance mechanisms such as leaf abscission, one would expect greater variation to be expressed among trees planted in the drier planting zones. In the upper zone, partial leaf abscission in the upper canopy was rarely observed among trees in the replications during the dry season. But in the lower and middle zones, neighboring trees within the replications varied from partial to complete leaf abscission during the dry season. Since leaf abscission reduces the photosynthetic surface, variation in leaf abscission among neighboring trees could produce substantial variation in growth rates (e.g., DVORAK et al., 1998) .
Variation in basic density of juvenile wood
Mean basic density of C. spruceanum wood at 39 months (581 kg/m 3 , measured at 1.3 m above ground) was slightly higher than the value at 32 months observed in another test of this species (563 kg/m 3 , measured from 35 to 65 cm above ground; WEBER and SOTE- LO MONTES, 2005) . The coefficient of variation (8 % among all trees) was slightly greater than the values reported (around 5 %) for other tropical hardwoods at 5-9 years of age in plantations (MIRANDA et al., 2001; RAYMOND and MUNERI, 2001; SANTOS et al., 2004) .
Like the growth traits, there was significant variation in basic density due to provenances and especially families within provenances, and means for both provenances and families were relatively stable across zones. As mentioned above for Dbh, this is noteworthy because Sotelo Montes et. al.·Silvae Genetica (2006) 55-4/5, 217-228 DOI:10.1515/sg-2006-0029 edited by Thünen Institute of Forest Genetics means for families and most provenances were estimated from a small number of trees, especially within zones, and this resulted in large standard errors that made it difficult to detect statistically significant variation due to provenances and families. Families accounted for much more variation than did provenances: the range in mean density was 148 kg/m 3 among families, but only 33 kg/m 3 among provenances. Therefore, greater gains in density could be obtained by selecting the best families rather than the best provenances. Nevertheless, average wood density could also be improved by selecting the best provenances.
The significant variation observed in the present study is interesting considering that variation due to provenances was not significant for wood density in another test of C. spruceanum at 32 months (WEBER and SOTELO MONTES, 2005) . The lack of significance in the earlier study was probably due to the fact that provenances originated from a region closer to the equator and with relatively homogenous climatic conditions.
There has been little research on genetic variation in wood density at an early age in tropical hardwood plantations. KHASA et al. (1995) reported significant differences in density at 21 months among provenances of Racosperma auriculiformis Cunn. ex. Benth. and R. mangium Willd. that were sampled from a broad range of environments in Australia and tested in Zaire. Other reports of significant variation due to provenances and/or families are based on older trees [e.g., Eucalyptus dunnii Maiden at 6 1 / 2 years (ARNOLD et al., 2004) ; E. globulus Labill. at 9 years (MIRANDA et al., 2001 ); E. grandis (Hill ex Maiden) at 8 years (SANTOS et al., 2004) ; and Sterculia apetala (Jacq.) Karst at 10 years (DVORAK et al., 1998) ].
In contrast to the growth traits, wood density did not differ significantly among the three planting zones in the present study. WEBER and SOTELO MONTES (2005) reported similar results for density in the lower stem in another provenance test of C. spruceanum established in the same planting zones. Apparently the environmental differences among zones were not large enough to produce a significant difference in density. Nevertheless, in the present study mean density was lowest in the zone of slowest tree growth (lower zone) and the range in mean density among the zones was relatively large (47 kg/m 3 ). Therefore the environmental conditions of different planting zones should be assessed before deciding to establish plantations in the zones.
Heritability of tree growth and basic density of juvenile wood
Estimates of individual tree heritability (h i 2 ) for growth traits of C. spruceanum were within the range of values reported for other tropical hardwoods at an early age (e.g., CORNELIUS et al., 1996; GREAVES et al., 1997; SHIMIZU et al., 2002) . The estimated h i 2 was slightly higher for tree height than stem diameter at 10 cm above ground: h i 2 across zones, averaged over ages, was 0.25 for height and 0.19 for diameter (Table 5) . A similar result was reported for other tropical hardwoods (PINYO-PUSARERK et al., 1996; HODGE et al., 2002) .
In general, estimates of h i 2 for both height and diameter suggest that selection of trees at 16 months would be about as efficient as selection at 28 or 39 months. For example, in the analysis across zones, h i 2 for both height and diameter did not change significantly from 16 to 39 months. The h i 2 for growth of Sterculia apetala (Jacq.) also did not change significantly from 3 to 8 years of age (DVORAK et al., 1998) .
The h i 2 for height and diameter were highest in the planting zone where growth rate was highest and lowest in the zone where growth rate was lowest (upper and lower zones, respectively). This is consistent with CAMP- BELL and SORENSEN's (1978) hypothesis that the expression of genetic variation in growth traits will be lower in test environments where trees grow slowly compared with environments where trees grow more rapidly. Similar results were reported for Eucalyptus spp. (MAC-DONALD et al., 1997; GINWAL et al., 2004) .
As expected, wood density had a higher h i 2 than diameter at breast height (Dbh) at 39 months. Standard errors were relatively large, especially within zones, due to the small number of trees per family. As far as we know, h i 2 of wood density has not been assessed at a very early age in other tropical hardwoods, but these results are consistent with studies of tropical hardwoods evaluated at older ages (e.g., WEI and BORRALHO, 1997; RAY-MOND, 2002; ARNOLD et al., 2004) , and with many temperate zone tree species (ZOBEL and JETT, 1995) .
Phenotypic and genetic correlations between tree growth and basic density of juvenile wood
Phenotypic and genetic correlations may differ in magnitude and even in sign among test environments and populations of the same species (FALCONER and MACKAY, 1996) , and due to silvicultural manipulation (ZHANG, 1995) . In general, the diffuse-porous hardwoods show little or no relationship between tree growth and wood density (ZOBEL and JETT, 1995) . Most studies have looked at the relationship between density and radial growth or ring width rather than the relationship with height growth (ZHANG, 1995) .
The relationship between growth rate and wood density in the hardwoods is controversial. For example, among young trees of Eucalyptus nitens in Australia, phenotypic correlations between density and growth (tree height, stem diameter) were not significant, but the genetic correlation between density and stem diameter (but not tree height) was negative and significant (GREAVES et al., 1997) . For Eucalyptus globulus and E. nitens, the correlations were generally very small and the sign of the coefficient varied across sites, indicating no systematic relationships of density with tree size (RAYMOND and MUNERI, 2001 ).
In the present study, phenotypic correlations between tree growth and wood density at breast height were positive and relatively strong in all planting zones at 39 months. However, in another test of this species, carried out in the same watershed but with provenances from different watersheds (WEBER and SOTELO MONTES, 2005) , the phenotypic correlation between stem diameter and density in the lower stem varied in magnitude and sign among planting zones at 32 months. In that study, the variance/covariance structure among traits in the "foreign" seed sources was apparently strongly affected by the environmental differences among the planting zones. In other words, the genotypes did not respond in the same way to the environmental differences (FALCONER and MACKAY, 1996) . In the present study, genotypes of the "local" seed sources tended to respond in the same way to the environmental differences among planting zones. The difference in results appears to reflect the combined effects of different genetic material ("foreign" versus "local" seed sources) and their potential interactions with different environmental conditions, but this hypothesis needs to be tested.
Genetic correlations between tree growth and wood density were positive in the middle and upper zones. The genetic correlation was not calculated in the lower zone, where tree growth was slowest, because variation in tree growth due to families was not significant in the analysis of variance. This is consistent with CAMPBELL and SORENSEN's (1978) hypothesis mentioned earlier.
Based on the genetic correlation, selection of faster growing trees should favor an increase in wood density in planting zones where trees grow relatively rapidly (like the middle and upper zones), and have little or no effect on density in zones where trees grow slowly (like the lower zone) for reasons explained in the following paragraph. However, estimates are needed from other tree populations and test environments in order to make a general conclusion about the genetic correlation between growth and density in this species. Standard errors were reasonably small, even though the genetic correlations were based on a small number of trees per family (especially for Dbh and wood density). Nevertheless, larger numbers of trees per family should be used in future studies.
Since there is a positive genetic correlation between wood density and tree growth of C. spruceanum, and density is considered as the most important predictor of wood properties (PANSHIN and DE ZEEUW, 1980) , one would expect a correlation between tree growth and other wood properties in this species. Results from another study in the same provenance/progeny test at 39 months indicated that selecting faster-growing trees and/or trees with denser wood of C. spruceanum would have a positive effect on some mechanical properties (SOTELO MONTES et al., unpublished data) .
A positive genetic correlation between tree growth and wood density at breast height could be explained in terms of the mechanical design of trees. MOSBRUGGER (1990) notes that the base of the tree has the highest bending stress and this stress can be reduced by increasing the strength of supporting tissue at the base of the tree. Strength could be increased by producing denser wood, which has a greater modulus of elasticity (NIKLAS, 1997) . This hypothesis is consistent with results reported for other tropical, hardwood pioneer species (WIEMANN and WILLIAMSON, 1989; WOODCOCK and SHIER, 2002) .
Data are not available to estimate age-age correlations between tree growth and wood density in C. spruceanum. A study of age-age correlations that considers the rotation ages for construction poles (minimum of 2 to 3 years) and sawn timber (15 to 20 years) would be very useful. However, studies on other hardwood species indicate that early selection for density and tree growth should be possible (DVORAK et al., 1998; HODGE et al., 2002) .
Conclusions
This study demonstrates that there is considerable genetic variation in tree growth and basic wood density of C. spruceanum at an early age. A greater proportion of this variation occurs within provenances rather than among provenances. The positive genetic correlation between growth and density offers the opportunity to select faster growing trees with denser wood, and this would be more effective in zones where trees grow relatively rapidly. Estimates of h i 2 for the traits assessed in this study are similar to those reported for other tropical hardwoods. Based on estimates of h i 2 and genetic correlations, we recommend that tree improvement programs should use both tree growth and wood density as selection criteria for this species at an early age. For example, tree breeders could first select the fastest growing provenances based on Dbh, and then select the families that have the highest wood density within these provenances. Due to the lower performance in tree growth in the planting zone with low rainfall and infertile soils, plantations in similar environments should be avoided. Relationships between tree growth, wood density and other juvenile-wood properties should be investigated: these studies are underway for C. spruceanum, and will allow us to make some general recommendations about planting zones for different wood products of this species. In addition, research should be conducted on changes in genetic correlations between tree growth and wood properties over time, age-age correlations for growth and wood traits, and early-selection efficiency for this species.
Introduction
The development of genetic maps and a comparative analysis of maps amongst related plant groups has provided new insights into genome structure, organisation and evolution, with implications for plant improvement, gene pool conservation and management (NEWBURY and PATERSON, 2003) . Comparative studies are particularly valuable for commercial taxa which are resource poor in genetic information (eg. DNA markers or DNA sequence data) but where they have near relatives that are resource rich (BROWN et al., 2001) . This situation exists for the genera Eucalyptus and Corymbia; most eucalypts of commercial importance belong to the genus Eucalyptus, the great majority of gene sequence and marker information is derived from a few Eucalyptus species, E. grandis, E. urophylla and E. globulus. The genus Corymbia has 113 species in 7 sections and includes 
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